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SECTION 1 

INTRODUCTION 

The National Aeronautics and Space Administration (NASA) is 

planning to launch a Jupiter Orbiter Probe during 1984. 

mission, designated Galileo, are to explore the planet Jupiter and to 

gather clues to the origin of the solar system. The probe will carry an 

array of instruments for investigating the Jupiter atmosphere, including 

instruments to measure the atmospheric composition and perform a local 

radiative energy balance. 

The goals of the 

The general features o f  the entry into the Joviarl atmosphere are 

set by the unique features of the planet itself. Because of its mass, 

Jupiter has about six times the gravity of Earth; moreover, it rotates 

rapidly about its axis. The probe will approach the Jovian atmosphere 

with an inertial velocity of 60 km/sec and enter the atmosphere in a 

near-equatorial plane in the direction of the planetary rotation. 

relative velocities between the probe and the atmosphere will be reduced 

to roughly 48 km/sec, still a factor of 7.8 higher than ICBM entry into 

Earth's atmosphere. 

shocks will envelope the probe creating a radiatively participating 

flowfield and yielding extremely hostile radiative and convective heating 

environments . 

The 

At the velocities projected for Jovian entry, strong 

1-1 



To accommodate the intense entry heating, effective thermal 

protection systems must be designed. The heatshield must be able to 

withstand the intense heating, yet be light enough to allow the design 

payload of scientific instruments to be carried. 

identified as the baseline material for this mission. As earlier studies 

show, carbon-phenolic can provide the required thermal protection for a 

heatshield weight allocation of 30 to 45 percent of the probe weight. 

Figure 1-1 shows the candidate Galileo probe configuration. 

Carbon-phenolic has been 

The design of the Galileo probe heatshield is in its final stages. 

Because of the weight and time critical nature of the probe mission, 

sophisticated or benchmark prediction procedures are to be employed. 

is anticipated that the results obtained from the benchmark predictions 

will be used directly for the sizing of the heatshield. 

It 

The analysis used in the benchmark procedure should account for all 

the important physical events that occur in the hypersonic flowfield. 

Thermal radiation is the dominant energy exchange mode for the entry 

conditions encountered during Jovian atmospheric entry. 

emitted in the outer regions of the shock layer. The intensity of 

radiation strongly depends upon flight conditions, size, and shape of the 

shock that envelopes the body, and the model atmospheric composition of 

the planet. 

the entire flowfield over the probe. 

previous studies that ablation products form a thin layer near the wall 

for laminar flows. This ablation product layer can shield the wall, in 

part, by absorbing a significant portion of the incident radiation. 

However, if the flow over the probe becomes turbulent, the eddies tend to 

break up the ablation product layer and mix the ablation products with the 

Radiation is 

This intense radiation causes massive ablation which affects 

For example, it was found in 
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Figure 1-1. Entry Probe Configuration 

1-3 



environmental gases. 

r a d i a t i o n  and increases the  temperatures i n  t h e  near -wa l l  reg ion  o f  the  

mix ing layer .  Both ef fects enhance the  ne t  r a d i a t i o n  t o  the  wa l l .  

addi t ion,  the  combination of increas ing shear and increas ing s tandof f  

d is tance tends t o  increase ab la t i on  r a t e s  w i t h  d is tance i n  t h e  f l a n k  

reg ion  of the  probe. This could have a severe impact on t h e  heatsh ie ld  

weight. 

This e l im ina tes  the  a t tenuat ion  o f  t he  i nc iden t  

I n  

Accurate p red ic t i ons  o f  t he  e n t r y  heat ing events have been found 

(I 

t o  

requ i re  de ta i led  modeling o f  the  f lowf ie ld .  P a r t i c u l a r  a t t e n t i o n  needs t o  

be d i rec ted  t o  the thermochemistry, t ranspor t ,  and r a d i a t i v e  p roper t ies  of 

t h e  e n t i r e  shock layer  and how they couple t o  the  f l o w f i e l d .  

c u r r e n t l y  employed approximate methods appear t o  have ser ious problems i n  

p r e d i c t i n g  both the  l eve l s  and the t rends o f  the  heat ing environments. 

The 

The benchmark p r e d i c t i o n  procedure t o  be used i n  t h e  present s tudy 

t o  so lve the  en t r y  heat ing problem i s  the  Rad ia t ing  - Shock Layer 

- Environment (RASLE) program (References 1 and 2). 

t h e  important phys ica l  events dur ing  e n t r y  i n t o  outer  p lanetary  

atmospheres. The RASLE code computes t h e  quasi-steady r a d i a t i v e  and 

convect ive heat ing environments as a func t ion  of e n t r y  t r a j e c t o r y  

condi t ions,  probe shape, and model atmosphere. Heatshield s i z i n g  

ca l cu la t i ons  are c a r r i e d  ou t  a t  a number o f  s p e c i f i c  e n t r y  cond i t ions  

taken from the e n t r y  t r a j e c t o r y .  

t o  define the  e n t r y  heat ing pulse and the  t o t a l  mass ( i n teg ra ted  over both 

t ime and surface area) l o s t  from the  body. 

It considers most of 

Th is  y i e l d s  a ma t r i x  of so lu t i ons  meant 

The atmospheric composit ion o f  t he  p lanet  s i g n i f i c a n t l y  inf luences 

t h e  heat ing rate.  

Pioneer 11 missions and earth-based experiments, t h e  Jovian atmospheric 

From the  data obtained by t h e  l a t e s t  Pioneer 10 and 
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composition is determined to be made up primarily of hydrogen, secondarily 

helium and trace amounts of other gases. However, the precise 

compositions of the constituent gases are not known. 

atmospheres were proposed by Orton (Reference 3). They were the nominal, 

cool-1 ight, cool-heavy, warm-light, and warm-heavy. 

model atmosphere is the severest one. 

Five model 

Entry into cool-heavy 

For design purposes, it is adequate 

to analyze entries into nominal model and cool-heavy model atmospheres. 

The objective of the present study is to obtain a matrix of 

benchmark heating environments to the Galileo probe forebody. 

selected considers two probe weights (310 kg and 290 kg) and both the 

nominal and cool-heavy model atmospheres. For each model atmospheric 

entry, seven trajectory times were selected. These selected trajectory 

times include early, peak, post-peak, and late times in the heating 

pulse. The 310 kg probe was taken as the baseline configuration. Two 

additional solutions were obtained for the 290 kg probe to allow 

comparison to be made with the solutions obtained by other investigators. 

The matrix 

The following sections present the results of this study. In 

Section 2, the results of the trajectory calculation are given. Wall 

heating and ablation rates to the forebody are presented in Section 3 for 

the nominal model and Section 4 contains the results for the cool-heavy 

model atmospheric entry. 

1-5 
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SECTION 2 

ENTRY TRAJECTORY CALCULATIONS 

The benchmark c a l c u l a t i o n  procedure, RASLE code, needs as i npu t  t h e  

These l o c a l  value of freestream v e l o c i t y  and the  corresponding density. 

t r a j e c t o r y  p roper t ies  are ca lcu lated us ing  a t r a j e c t o r y  code. 

o f  t h e  t r a j e c t o r y  c a l c u l a t i o n  procedure were descr ibed i n  References 4 

and 5, and are n o t  given here. Only a b r i e f  summary i s  given below. 

The d e t a i l s  

The t r a j e c t o r y  c a l c u l a t i o n  scheme est imates t h e  l o c a l  value of 

f reestream q u a n t i t i e s  such as ve loc i t y ,  densi ty,  and a l t i t u d e  as a 

func t i on  o f  e n t r y  time. 

us ing a fourth-order Runga Kut ta  method. The formulat ion considers t h e  

g r a v i t a t i o n a l  e f f e c t s  o f  the  planet, t h e  angular r o t a t i o n  o f  t he  planet,  

and the  nonspher ical  shape o f  t h e  p lanet .  However, t h e  probe shape and 

t h e  associated b a l l i s t i c  c o e f f i c i e n t  a re  assumed t o  be i n v a r i a n t  dur ing  

the  ent ry .  

The governing equations o f  motion are in tegra ted  

The t r a j e c t o r y  code uses input  tab les  of a l t i t u d e  versus pressure, 

temperature, and density. Tables of these data were suppl ied t o  us by 

NASAIPmes f o r  t h e  Orton ( rev ised)  model, and used t o  cons t ruc t  t h e  i n p u t  

tab les  needed fo r  t he  t r a j e c t o r y  code. 

tab les  fo r  nominal and cool-heavy models are inc luded i n  Appendix A. 

The NASA/Ames-supplied atmospheric 

Probe conf igurat ion and en t r y  parameters were a l s o  suppl ied by 

NASAIAmes. Table 2-1 sumnarizes these data. Note t h a t  t he  present s tudy 

0 2-1 



addresses a 310 kg  basel ine probe. The probe has a con ica l  forebody w i t h  

a 44.25 degree ha l f  cone angle and a s p h e r i c a l l y  b lun ted  nose cap w i t h  a 

rad ius  of 0.352 m. This p a r t i c u l a r  probe i s  heavier than e a r l i e r  probes 

considered by NASAfAmes. 

U t i l i z i n g  the  information provided i n  Table 2-1 and Appendix A, t he  

t r a j e c t o r y  code ou t l i ned  i n  References 4 and 5 was used t o  compute the  

v a r i a t i o n  of freestream quan t i t i es  w i t h  e n t r y  time. 

show the  densi ty vs v e l o c i t y  r e l a t i o n s  f o r  t he  nominal and cool-heavy 

model atmospheres, respec t ive ly .  

Figures 2-1 and 2-2 

The f igures and Appendix A show t h a t  t he  r e l a t i v e  e n t r y  v e l o c i t y  i s  

no t  a f fec ted  u n t i l  the probe descends t o  an a l t i t u d e  o f  about 250 km. 

S ign i f i can t  decelerat ion o f  t he  probe occurs o n l y  i n  the  a l t i t u d e  reg ion  

between 150 t o  50 km range. 

Two matrices of t r a j e c t o r y  po in ts  were selected from the  computed 

t r a j e c t o r i e s .  One mat r i x  represents the  nominal model atmosphere, t he  

other ma t r i x  represents the  cool-heavy model atmosphere. Each ma t r i x  

consisted of seven v e l o c i t y  dens i ty  combinations t o  be used as input  t o  

the  RASLE code f o r  subsequent eva lua t ion  o f  t he  heat ing environments. 

addi t ion,  two t r a j e c t o r y  po in ts  f o r  a l i g h t e r  probe (m = 290 kg)  were a lso  

considered. The t r a j e c t o r y  ca l cu la t i ons  f o r  t he  l i g h t e r  probe were 

performed by NASA/Langley and suppl ied t o  us by NASAIAmes. 

I n  
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Table 2-1. Probe Configuration and Entry Parameters for Galileo 
Probe Jupiter Entry Computations 

Atmosphere 

Orton models, revised August 10, 1979 
Nominal and cool-heavy 

Probe Configuration 

Mass: 310 kg 
Nose radius: 0.352 m 
Base radius: 0.641 m 
Half cone angle: 44.250 
Drag coefficient : 1.05 
Ballistic coefficient: 228.72 kg/m2 

Entry Parameters 

A1 titude: 450 kin 
Relative velocity: 48.2 kmls 
Relative entry angle: -8.60 

Re1 ati ve azimuth: 70.30 
Entry latitude: +3.40 
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Figure 2-1. Variation of Freestream Velocity W i t h  Density 
fo r  Orton Nominal Model Atmosphere 
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Fi gure 2-2. Computed Entry Trajectory for Orton Cool -Heavy Model Atmosphere 
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SECTION 3 

HEATING ENVIROFMENTS FOR NOMINAL MODEL ATMOSPHERIC ENTRY 

The analysis used in developing the RASLE code considers most of 

the important physical events that occur during planetary entry. 

detailed development of the RASLE code was described elsewhere 

(References 1 and 2) and is not repeated here. 

subsections, brief discussions of the physics considered, numerical method 

used, and the method of finding converged solutions are presented. 

Results obtained for all of the nominal model atmospheric entry cases are 

also given. 

3.1 PHYSICAL MECHANISMS INCLUDED I N  THE FORMULATION OF RASLE CODE 

The 

In the following 

The physical events that occur during planetary entry are modeled 

through governing equations. The governing equations include mass, 

momentum, and energy transfer. 

needed properties for the mixture of species are evaluated in detail. An 

overview of the physics considered in the RASLE code is outlined below: 

For each of the physical mechanisms, 

0 Governing equations 

The conservation equations are written for a steady state, 

thin shock layer of a chemically reacting and radiatively 

participating gas mixture. Terms representing the effect of 

probe body curvature, nonsimilar terms, and radiation coup1 ing 

3-1 
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are a l so  included. 

l aye r  approximation and hence t h e  pressure i n  t h e  w a l l  normal 

d i r e c t i o n  i s  assumed t o  be constant. 

Thermodynamics and chemistry 

The governing equations employ t h e  boundary 

Local thermodynamic e q u i l i b r i u m  (LTE) i s  assumed t o  e x i s t  

everywhere. From speci f ied values o f  s t a t i c  enthalpy, s t a t i c  

pressure, and elemental mass f rac t i ons ,  an e q u i l i b r i u m  

chemistry procedure computes t h e  thermodynamic proper t ies  such 

as density, temperature, specie mole f rac t i ons ,  and mean 

molecular weight by  i n t e g r a t i n g  t h e  s p e c i f i c  heat. Data on 

spec i f i c  heats f o r  many species, i n  t h e  temperature range 

(300' t o  6,000°K), are tabulated i n  JANNAF thermochemical 

tab les  (Ref. 6). 

Molecul a r  t ranspor t  p roper t ies  

Real gas t ranspor t  p roper t i es  are ca l cu la ted  based on 

Yos's modi f ied f i r s t  order Chapman-Enskog theory  (Ref . 7).  

g ives mix ing  r u l e s  f o r  c a l c u l a t i n g  v i scos i t y ,  thermal 

conduct iv i t y ,  and b ina ry  d i f f u s i o n  c o e f f i c i e n t s .  The needed 

inputs  are the  c o l l i s i o n  i n t e g r a l s  f o r  each p a i r  o f  species. 

Ava i lab le  data on c o l l i s i o n  i n t e g r a l s  were curve f i t t e d  and are 

used d i r e c t l y  f o r  c a l c u l a t i n g  t h e  momentum and energy exchange 

dur ing c o l l i s i o n s  between impor tant  species. 

d i f f u s i o n  approximation i s  a l so  used. 

Turbulent t ranspor t  model 

Yos 

The b ina ry  

Mix ing length  models are used t o  descr ibe t h e  turbulence. 

The tu rbu len t  l a y e r  i s  d iv ided i n t o  two reg ions - inner  (wa l l  

law) and outer  (wake law). I n  t h e  i nne r  region, t h e  w a l l  l a w  

0 

0 

1) 

c 

0 
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equation allows growth of the mixing length as a function of 

the distance from the wall and local shear. This model allows 

the effect of blowing t o  be introduced into the turbulence 

model, 

mixing layer, with the mixing length proportional to its 

overall width, 

In the outer region, the flow behaves like a free 

0 Radiation properties and transport 

A detailed, rather than a multiband, properties model is 

used. Accordingly, each radiative transition is considered 

individually. Molecular band systems, continuum transitions, 

and atomic and ionic lines are included for the radiating 

species of the C-H-O-N-Si-& elemental system. The spectrum is 

divided into a large number o f  intervals, At each of the 

selected spectral points, the spectral fluxes are calculated 

using the plane-parallel slab approximation, The total flux 

values are obtained by integrating the spectral fluxes. 

0 Shock shape 

The predictive procedure uses shock front radius of 

curvature; therefore, the shock shape i s  to be specified 

a priori. Fromthe input shock shape, a body shape is 

computed. In this respect, the predictive procedure can be 

considered as an inverse method, The shock shape is specified 

with the use of the Falanga and Olstad correlation 

(Reference 8). However, the calculated body shape may not 

correspond to the exact body shape. The shock shape is 

iterated until the actual body shape is obtained. In practice, 

3-3 
e 



the shock shape correlation developed by Falanga and Olstad has 

proven accurate enough to allow satisfactory solutions to be 

obtained in two or three iterations. 

3.2 METHOD OF SOLUTION 

The conservation equations are nondimensionalized before attempting 

to solve them. Combination of the Shvab-Zeldovich transformation and the 

binary diffusion approximation reduce the set of diffusion equations to a 

single equation. 

primitive independent variables. 

eliminates the global continuity equation. The nodes are selected in the 

wall normal direction. Interpolation relations are used to integrate the 

equations between the nodes. 

equations from partial-differential-integral equations to nonlinear 

algebraic relations between the various flowfield variables evaluated at 

each of the nodal points. 

multidimensional Newton-Raphson method is defined to solve the algebraic 

equations. 

The Levy-Lees variables are used instead of the 

Introduction of the stream function 

This operation reduces the conservation 

A set of iterative equations, based on the 

First, a solution at the stagnation point is found for a given 

freestream velocity and density and an assumed shock shape about the 

body. 

stagnation point using the stagnation point solution as a first guess. 

Small marching steps are usually needed near the stagnation point. 

solution procedure is continued until the required body point distance i s  

reached. The computed body shape i s  compared with the actual body shape. 

If significant differences exist between the two, the solution is 

repeated, iterating on shock shape. 

Solutions are obtained at off-stagnation points by marching off the 

The 
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Convergence is usually obtained within three to five iterations 

provided the previous upstream solution is used as a first guess and the 

flowfield physics is changing gradually in the streanwise direction. 

Sudden large changes in the flowfield physics, such as transition or 

discontinuous change in the curvature of the body, are found to cause 

convergence problems. Such problems are handled by introducing the 

changes to the flowfield physics gradually, across small transition 

regions defined in the streanwise direction. 

profiles to change in a correspondingly gradual manner, thus allowing 

solutions to be obtained. 

3.3 

This causes the flowfield 

RESULTS AND DISCUSSION FOR HEAVY PROBE (m = 310 kg) 

Computed heating environments for a total of seven nominal entry 

conditions are presented, Table 3-1 shows the matrix of cases considered 

for the heavy probe. Appendix B contains the RASLE calculated results for 

all the seven cases. The solutions obtained assume that transition occurs 

in the imnediate vicinity of stagnation point. 

the flow was fullyturbulent at a distance s/RN -0.1. The heating rates 

and ablation rates tabulated in Appendix B assume a wall response 

corresponding to steady-state ablation conditions. 

calculation, it is assumed that wall emissivity and absorptivity are both 

equal to 1. 

For all cases considered, 

In the present 

Figures 3-1 and 3-2 show the calculated results at the stagnation 

point. 

ablation rate with trajectory time. 

convective heating rate and pressure with time. 

flank region (s /RN = 2.1) are given in Figures 3-3 and 3-4. 

Figure 3-1 shows the variation of radiative heating rate and 

Figure 3-2 shows the variation of 

Similar results for the 
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Table 3-1. Selected Matrix o f  Cases for Nominal Model Atmosphere 

Time Velocity, v, Density p, 
Case (sec) (km/s)  ( k ! d  1 

1 43.0 46.58 8 059-5* 
2 47.0 44.47 1.869-4 
3 49.2 42.30 3.046-4 
4 50.3 40.87 3.861-4 
5 51.5 39.04 4 -966-4 
6 54.1 34.12 8.262-4 
7 56.7 28.37 1 290-3 

4 1 

R,,vC~/P,VC~I max 

0.25 
0.50 
0.70 
0.80 
0.90 
1 .o 
0.90 
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At the stagnation point, the heating is dominated by radiation; 

therefore, the ablation rate follows the radiative heat flux. 

Figure 3-1, it can be seen that the total heating pulse is roughly 

15 seconds. 

rapidly. Figure 3-2 shows that the convective heating rate follows the 

pressure. However, due to the massive blowing, the convective heating 

rate levels are reduced. 

rate decreases, and hence the convective heating rate is not reduced 

significant 1 y. 

From 

After the peak heating time, the radiative heating falls off 

Note that after the peak heating, the blowing 

Velocity profiles at two trajectory times are presented in 

Figures 3-5 and 3-6 to illustrate the breakup of the ablation product 

layer. Figure 3-5 corresponds to the peak heating time in the 

trajectory. The velocity profiles for various s / R N  locations are 

shown. At the stagnation point, the flow is laminar; however, due to 

blowing, a fully blown-off ablation layer is seen. 

marches around the body, the flow becomes fully turbulent, the eddies 

cause reattachment at the wall. Also, vigorous mixing between the 

environmental gas and ablation products occurs. 

onto the flank, say s / R N  = 2.0, the ablation layer is considerably 

thinner. 

heated. 

As the solution 

As the solution moves 

Due to turbulent mixing, the ablation layer is highly mixed and 

Thus, the ablation layer is no longer effective as a radiation 

shield. Indeed, it has been shown that the radiation emission 

mixing layer can enhance the flux incident upon the wall under 

circumstances. 

In contrast, at late entry times the blowing and radiat 

from the 

s om 

ve heating 

levels fall off rapidly. As seen in Figure 3-6, the velocity profiles, 
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except a t  t he  s tagnat ion po in t ,  are a l l  attached and look l i k e  the  usual 

t u rbu len t  boundary l aye r  p ro f i l es .  

f a c t o r  here. 

Breakup of t h e  a b l a t i o n  l aye r  i s  n o t  a 

The computed ab la t i on  r a t e  a t  each streamwise s t a t i o n  can be 

F igure 3-7 shows the  t ime in tegra ted  t o  ob ta in  the  mass loss  ra te .  

h i s t o r y  of mass l oss  ra te .  

l oss  dur ing  the ent ry .  

about 101 kg. Also shown i n  F igure 3-7 are t h e  mass loss  r a t e s  obtained 

from the  r e s u l t s  provided by COLTS (Reference 9). Results a t  e a r l y  and 

l a t e  times agree we l l ;  however, near the  peak heat ing t h e  d i f f e rence  i s  

about 18 percent. Explanation fo r  t he  d i f fe rence i s  presented i n  

Section 3.4. 

3.4 

The area under t h e  curve i s  t h e  t o t a l  mass 

For t h i s  p a r t i c u l a r  en t ry ,  t o t a l  mass loss  i s  

RESULTS AND D I S C U S S I O N  FOR LIGHT PROBE (m = 290 kg)  

Heating environments f o r  a l i g h t  probe en te r ing  the  nominal model 

The r e s u l t s  ca l cu la ted  by  t h e  atmosphere are presented i n  t h i s  sect ion.  

RASLE code and COLTS are compared. 

t h e  t r a j e c t o r y  tha t  were considered. 

t r a j e c t o r y  in format ion were provided t o  us by NASA-Ames. 

Table 3-2 presents the  two times i n  

For t h i s  p a r t i c u l a r  probe, 

Calculated r e s u l t s  are summarized i n  Tables a and b of Appendix C. 

Figures 3-8 and 3-9 compare the  r a d i a t i v e  heat f l u x e s  f o r  bo th  the  e n t r y  

times. Results i nd i ca te  o v e r a l l  agreement. I n  the  f l a n k  region, RASLE i s  

c o n s i s t e n t l y  higher. I n  the  spher ica l  segment o f  the  probe, t he  agreement 

i s  good. 

However, COLTS al lows propagation o f  turbulence e f fec ts  from the  

t r a n s i t i o n  l oca t i on  upstream t o  the  s tagnat ion  po in t .  

by COLTS a t  the s tagnat ion p o i n t  are c o n s i s t e n t l y  high. 

recompression i s  f e l t  by RASLE a t  t he  sphere-cone juncture.  

A t  the s tagnat ion po in t ,  RASLE assumes t h e  f l o w  i s  laminar. 

Therefore, r e s u l t s  

A r a t h e r  l a rge  

This may be 
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Table 3-2. M a t r i x  of Cases Considered f o r  L ight  Probe Entry 

Case 

1 

m = 290 kg 
Nominal Model Atmosphere 

Time, t Velocity,  v, Density p, 
S kml s k g d  

45.75 44.22 2.03 x 10-4 

2 49.5 39.53 4.74 x 10-4 
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0 

I 

* ;  

associated w i t h  the  d i s c o n t i n u i t y  I n  curvature and t h e  i n a b i l i t y  of t h e  

inverse numerical method t o  resolve it. 

Moss (Reference 10) i n  h i s  e a r l i e r  invest igat ions.  A d e t a i l e d  comparison 

between the two codes was no t  made. 

performed such a d e t a i l e d  comparison between the  two codes f o r  a l i g h t e r  

probe (m = 242 kg)  and a lso  found o v e r a l l  agreement i n  t h e  predic t ions.  

S i m i l a r  t rend was observed by 

However, Menees (Reference 11) 

0 
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SECTION 4 

AEROTHERMAL ENVIROWENT FOR COOL-HEAVY MODEL ATMOSPHERIC ENTRY 

Benchmark solutions for nominal model atmospheric entry were 

presented in Section 3. 

cool-heavy model atmospheric entry are presented. Flowfield calculations 

for entry into the cool-heavy model atmosphere are needed, since the 

heating environments are very severe and may represent the design 

condition. 

rate, and total mass loss. With this information and comparing with the 

results available for nominal model atmospheric entry, one can determine 

the survivability of the probe if the atmosphere during entry were found 

to be closer to cool-heavy model. 

In this section, calculated results for the 

It is of interest to know the heating rates, the mass loss 

For this model atmosphere, seven benchmark solutions were 

obtained. The freestream conditions for the selected matrix are listed in 

Table 4-1. The RASLE code computed heating environments for all the seven 

cases are sumnarized in Appendix D. 

and D, it is found that radiation heating rates are about 60 percent 

higher than the corresponding heating rates for entry into nominal 

atmosphere. Also, at the flank regions, the cool-heavy heating rates are 

higher by a factor than the heating rates for the nominal case. 

intense heating causes large mass loss rates. 

both the model atmospheres are shown in Figure 4-1. As shown, entry into 

Comparing the tables in Appendices B 

This 

The mass loss rates for 
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Table 4-1. Selected Matrix o f  Cases for Cool-Heavy 
Model Atmosphere 

I 
Case 

1 
2 
3 
4 
5 
6 
7 

T i  me 
(set 1 

47.2 
50.3 
52.1 
53.0 
54.1 
56.3 
58.3 

Velocity, v, 
(km/s) 

46.65 
44.57 
42.50 
41.16 
39.22 
34.42 
28.81 

9 450-5 
2.177-4 
3 478-4 
4 362-4 
5 699-4 
9.353-4 
1 439-3 

0.25 
0.50 
0.70 
0.80 
0.90 
1.00 
0.90 

e 

e 

e 
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cool-heavy model atmosphere causes mass loss r a t e s  as h igh  as 18 kg/sec. 

The area under bo th  the  curves are found t o  be as fo l lows:  

Nominal model : 101 kg 

Cool-heavy model: 146 kg 

Temperature p r o f i l e s  i n  the  shock l aye r  are shown i n  F igure 4-2 a t  a 

se lected streanwise d is tance f o r  t h ree  e n t r y  times. 

i l l u s t r a t e s  the e f f e c t  o f  v o r t i c a l  o r  ent ropy layer .  

causes the  temperature p r o f i l e  t o  reach a maximum i n  between the  w a l l  and 

the  shock. 

t = 58.5 sec. For t h a t  p a r t i c u l a r  e n t r y  time, t h e  peak i n  temperature was 

a t  a d is tance of 20 percent of shock standoff distance. 

l aye r  temperature was a t  9600OK compared t o  a temperature a t  t h e  shock 

f r o n t  o f  5800K. Such a nonuni formi ty  i n  t h e  shock l a y e r  can on ly  be found 

w i t h  the  use of benchmark s o l u t i o n  procedures and cannot be pred ic ted  w i t h  

approximate methods i n  cur ren t  use. 

The f i g u r e  

The ent ropy l aye r  

The e f f e c t  was seen more pronounced f o r  t h e  l a t e  t ime a t  

The peak shock 

4 
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SECTION 5 

CONCLUDI N6 REMARKS 

Aerothermal heating and flowfield solutions were presented fo r  the 

forebody of a 44.25 deg sphere cone entering the atmospheres of Jupiter. 

A to ta l  of 16 cases were considered. The fol lowing conclusions were 

reached as a result of this study: 

a. The heating rates for entry in to  the cool heavy model 

atmosphere were about 60 percent higher t h a n  those predicted 

f o r  the entry in to  the nominal model atmosphere. 

mass lost fo r  entry into the cool heavy model atmosphere was 

about 146 kg and the mass lost for entry in to  the nominal model 

atmosphere was about 101 kg. 

The heating rates on the flank region of the probe increased 

w i t h  increase i n  streanwise distance d u r i n g  early and peak 

heating times of the heat ing pulse. A t  late entry times, the 

heating rates were found t o  be leveling off .  A decrease i n  

heating rate and hence ablat ion rate were not found w i t h  

increase i n  streanwise distance. 

c. Strong entropy layers or vortical layers were found t o  be 

present, particularly d u r i n g  late times i n  the trajectory. 

The to t a l  

b. 

0 
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Orton Revised Jupiter Nominal Atmosphere (August 10, 1979) 
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Orton Revised dupi ter Nominal Atmosphere (Continued) 
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Orton Revised Jupiter Nominal Atmosphere (Continued) 
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a Orton Revised Jupiter Cool Heavy Atmosphere (August 10, 1979) 
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Orton Revised Jupiter Cool Heavy Atmosphere (Continued) 

38 
.3? 
4 0  
4 1  
4 3  
4 2  
4 4  
4 5  
4 6  
4 7  
4 8  
$9 
SO 
5 1  
52 
53 
54 
55 
5 6  
5 7  
5 8  
5 9  
6 2  
6 1  
6 3  
c. 3 
44 
GS 
6 6  
ti7 
6 8  
6 3  
? ?  
7 1  
73 
7 ?  
74 



il) Orton Revised J u p i t e r  Cool Heavy Atmosphere (Continued) 

. _L-- . ---- ---__ -- --------- - -- -- 
i 

* 

e 

0 

a 

e 

0 

e 

7 s  
76  
7 7  
7 6  
7 9  
P 3  
e l  
A ?  
8 ?  
e4 
6 5  
$6 
87 
8 6  
89 
9 0  
91 
9? 
3 3  
9 4  
CS 
96 
9 7  
98  
5 3  

1:3 
IC1 
1 C ?  
1 5 3  
I 2 4  
1 'Js 
t ::c 
t e7 
1l.R 
1 3 9  
110 
11 1 

TITLE 

JUPITER ATMOSPHERE THE!?I4ODYRAMIC 
STATE PROPERTIES PIOCELS 

1 on7t 

A-9 

F I G .  3-4 



APPENDIX B 

TABLE 1 

B-1 



- -0 
0 m 
al 
L 
.U 

0 
S a 
0 
L 
U 

g 
c 
LL 

o 
S 
al c 
a n 
L 
3 
t 
'p 
0 7 

n z 
V 

h 
c 
7 

a 
LL 

a 

a a 

al - 
I- 

O 
0)  
m 

? 

E 

? 

n 
0 

I 

c 
I- 

o c 
W 

L 
0 
% 

ul c 
0 

o 

0 
v) 

w 
2 
vl 
U 

- 
a 
c 

a 

o m  
- 1  
'p m o  
S -4 
O E  
O Y I  

Y Q  

SF,$ 

0)  
L a o w  
L -  
a 

e 

'p 
W E  
w o  8 -- 0, > -o* 8 
w a ~ a  €-a- ss  

I r  

d d d d d  d d d d d  d d d d d  d d d d d  d d d d d  d d d d d  



VI 
E 
0 
C, 

TI c 
0 u 

.I- 

.r 

- 
c 
a 
I 

(I 

a Y o )  
U- o m  v) 
X C Q  

h TI 
0 m 
aJ s 
c, 

TI 
E 
a 
0 
L e 
3 
0 
LL 
c, c aJ 

7 

- 
a n 
a 
L 

c 
TI aJ 
7 

n a 
0 u 
h 

a 
7 - 
U 

a 
aJ 

a 
t 

7 

n 

VI 
E 
0 
c, 

o 
C 
0 u 
L aJ 

-1 

Y 
U 
0 
L 
v) 

.I- 

.I- 

4 

U 
W 
VI 

? 

g 

2 

h 
e 
I 

.I- 

t 

c, 
K 
W 

L 
0 
U- 

In 
c 
0 
C, 

0 m 
W 
-I 
m 
4 
p: 

.I- 

a 
7 

I 
al 
L 
3 
C,Y 
m 
L .  
w m  
nt- 

I 
t 

a 

d 

0)  > 
C, 
u c  
W W  > 
C 
0 u 

.I- 

B-4 



0 
0 

W s 
c, 
0 
E 

0 
L 
U 
3: 
0 

U 

c, 
E 
V 
a 
n 
a 

m 

a 

c 

c 

L 
c 
0 
V 

3 
0 u 
h 

c 
n 

c 
c 
a 
U 

V 

W 

a 
Q 
I- 

c 

V s: 
N. 
m 
O 

I 

t 

2 
c 
c 

c, 
E 
w 
L 
0 
4- 
vl 
E 
0 

c, 
3 

0 
v) 

w 
2 
v) 
U 

c 

c 

a 

n s 
2 

c 

-r 
c,. 

0 u 
c 
c a 
S 

- 

vl 
E 
0 
c, 

0 
E 
0 u 
L 

c 

c 

Y a 
A 
3 u 
0 
1 
v) 

V 
c, a a 
01% 

SP 
E- 

a 
W 
t 

- 

Y 
e 
Y u u  v u  w c 
0 u 

Y 
c 
c, - a  

a 
5 -  

00000 00000 00000 00000 00000 00000 

B-5 



x W  
U- 
0 m L A  
C C Q  

u V I 0  

E=- 
u x x  
E A 4  
4 Q W  
W 

Y u m  
tn 
W W U  
W 
L 8 8  u a a  

Ld? h 
0 
0 

0) 
.c 
Y 

73 
E 

0 
L 
U 
3 
0 

U 
Y 
c 
W 

m 

a 

c 

7 

a n 
a L 
t 
v 
0) 
c n a 
0 
V 

h 

3 
LL 

7 
c 

'0 

W 

4 c 

c 
n 

VI 
E 
0 
Y 

0 
t= 
0 
V 

L 
W 

-1 

Y u 
0 
A= 
LA 

.C 

.C 

3 

U 
W 
VI 

m 
0 
ln 

II 

0 

2 
.r 

CI c 
W 

L 
0 
rc 
VI 
f 
0 

Y 

0 
LA 
w 
-1 
LA 

- 
a 
c 

s 

00000 00000 00000 00000 00000 00000 
00000 00000 00000 00000 00000 00000 
co_cD_"_'p_Y S'U,??? Y??",? S Y Y Y Y  YYYYY YY",",", 

W 

W > 
c, u c  
a m  > 
E 
0 u 

.C 

a 

I 

B-6 



* 
V 
0 

al r 
c, 

-0 c 
0 
L 
U 
1 
0 

L 

U 
E 
W 

m 

a 

c 

c 
a n 
L 
f 
t 
V 
W 
e 
n a 
0 u * 
e - 
a 

LL 

al 
0, 

9 
t 

c 
n 

U 
W cn 
m 
4 
v) 

8 

?i 

2 
c 
t 

+I 
E 
w 
L 
0 
b 

m 
E 
0 
c, 
a 

0 v) 

w 
-A 
v) 
U 

- 
c 

a 

m 
E 

V I -  
E m  
O Y  
c 
U d  

cn 
E 
0 
u 
e 

c 

2. 

: 

0 
W - 
c 

- 

m 
E 
0 

U 

V 
E 
0 
V 

L 
W 

-I 

Y u 
0 x 
v) 

- 
c 

3 

- 

W 
U 
9 

N 
a 

zz 
sE 
9 
W 
I 

o) 
L 

* Y  m 
L -  

a 

I- it= 

ZE 
U l Y  
E 
( Y -  

0 0 0  

W L 
c,Y 
*) 
L -  w v )  ac 

c 

a 

I 

V 
W b  w 

V 
W E  
N O  8 -- w > -uu 8 
6 - 9 0 0  
E - a -  
L O  .E 
o u  z 

t 
c 
c, 
U L :  
w u  > 
c 
0 
V 

W > 
c, 
9 P  

c 

5- 
a 

v w  w m w  a! 
N- u a  
z E 5 1  
E t C  I 
m n c ,  'F 

o - a m  
Lul 

88888 88O88 88888 88888 88888 88888 
YSS?Cu, ?OI_?\D_Y N?'D,?CD, ",??So', 014ss05 40',5014 

00000 00000 00000 00000 00000 00000 

B- 7 



h o 
0 
m 
W s 
U 

U 
E 
3 
0 

U 

3 
0 
U 

U 
E 
W 

c 

c 
a n 
a 
L 

e 
U 
W 

7 
0 
V 

h 

c 
n 

7 
e 
a 
U 

40- 

w 
9 

4- 

c 

a 

U 
w VI 

r( 

e v) 
II 

Y 

2 

.r 
e 

c, 
E 
w 
L 
0 
Y- 

v) 
E 
0 
U 
3 

0 rn 

.r 

7 

v) 
E 
0 
U 

o 
E 
0 
V 

L 
W 

-1 

Y 
U 
0 
.c 
In 

.I- 

.I- 

3 

- 

0) 
L 
Y Y  m 
L -  

a 

c ie' 

Y W  
U- o m r n  
. C E O  

I- 

I s  
& u u  w u  > 
E 
0 u 

w > 

00000 00000 00000 00000 00000 00000 
gszggm 00000 00000 0000 00000 00000 

* I * -  ".'O.YN.9 h,SS'D,? %_NI(u_NI_NI N,r",_NIN.'u, 'u,'v.N.c".c". 

00000 00000 00000 00000 00000 00000 

00000 00000 00000 00000 00000 00000 

8-8 



0 

* 
0 
0 m 
0) 
L 
CI 

0 
E 

0 L 
U 

a 

B - 
L 

CI 
E 
0)  

.a 
L 
3 
t 
0 
Q 

=I 
0 
V 

c 
a 

c n 

c 
c 
a 
L 

OI 

0)  
c 

.p, 
t 

0 
Q 
VI 

h 

(I 

t 

2 
c 
c 

c, 
t 
W 

L 
0 u- 
rn 
t 
0 

c, 
3 
0 
v) 

W 
2 
v) 

c 

? 

s 

- 

Y) 
E 
0 

U 

T1 
E 
0 
0 

c 

c 

c 
c 

1 

- 

rn 
E 
0 
e, 

0 
E 
0 u 
L 
W 

-1 

0 
0 
L 
v) 

c 

c 

3 

W 

c 
U u o  
m u  > 
E 
0 
V 

W > 
c 
*r 
Q p :  v u  
0 m a 

0 0 0 0 0  00000  0 0 0 0 0  0 0 0 0 0  00000 00000 000 

B-9 



APPENDIX C 

TABLE 2 

c-1 



,, 
0 
0 m 
0) s 
c, 

U 
E a e 
U 
1 
0 

I& 

U 
E 
al 

c 

c 
a 
n 
a L c 
0 
al 
c n a 
0 
V 

h 
c 
c 
a 
I& 

Q 

al 

Q c 

c 
n 

V 
0)  
u) 

In 
h 

m 
0 

I 

I 

2' 
- 

m c 

uo 
E m  

W N  

L I  
0 
& E  
In 
E 
0 
U 
c 

a 
c 

0 v) 

W 
2 
v) 
U a 

In s r 
U 

U 
E 
0 
V 

c 

c 
e 
6 
3 

- 

u1 
E 
0 

U 

U 
E 
0 
V 
L 
al 

2 

Y 
V 
0 
L: 
v) 

e 

-8- 

3 

hmE 
U\ - e n  
u)Y 
E a i -  n o  

%! 
Y 
U 
v u  

E 
0 
V 

g o  

%! 
c 
Y 

0 0 0 0 0  00000 00000 00000 d O d d 0  d d d d d  d 

. . . .  . . . . . . . . . . . . . . . .  d d d d d  d d d d 6  ooood O O O O d  ddddd ddd4N N 



h 
U 
0 

W 
S & 

D 
C 
a 
0 
L 
C 
1 
0 

n 

- 
L 

c, c 
W - 
a 
n 
L 
a 

P 
W 

- 
- 
n a 
0 
L) 

h 

a 
- - 
A 

n 

n 
tu 

W - 
- 

u 
W 
VI 

m 

e 
U 

m 

Y .- 
m I- 

hr 
L 
40 e m  
W N  

L II 
0 
* E  
u, 
E 
0 
Y a 
0 
v) 

W 

v) 
4 e 

.C 

c 

v) 
E 
0 

Y 

0 
E 
0 
V 

- - 
7 - 
a 
3 

u, c 
0 
Y 

U c 
' 0  u 
L 
W 

-I 

Y 
U 
0 
.c 
v) 

.- 

.C 

2 

01 
L 
1 
CIY 
m 
L -  

I- ie= 

W 
L 

Y Y  

L -  w v )  

a 
a 

ne 
5 
I- 

T) 
w l c  W 
N ' t  U ' r o c  r 
-0 acL m e + -  
E t u u l  vr 
LY'- E 
o m 0  z 

01 w 
Y 
v c  w u  > 
E 
0 
V 

.C 

W > 
C, 

U 
tu 
p: 

.r 

m a  u 

00000 00000 00000 00000 00000 00000 000 
00000 g o 0 0 0  0000 00000 00000 00000 000 m w m m N  m h m w  8 h m m m  c(.+c.(.+- r.,+-,r(- d,+--,c( -4-  

00000 00000 00000 00000 00000 00000 000 

c-4 



APPENDIX D 

TABLE 3 

0-1 



h 
U 
0 

0) 

m 

5 
E 
e 
B 

1 

U 

e 
LL 
44 
E 
al 

0 
L 
I- 
O 
Q 

c 
a 

a 

c n a 
0 u 
h 
c 
e 
a 

LL 

4 

0 

4 
I- 

- 
n 

0 
Q 
(I) 

? 

8 

2 

h 
U 
I 

- 
I- 

Y 
E 
w 
L 
0 
b 

Ln 
E 
0 
Y 

0 
v) 

W 
2 
v) 

c 

a 
c 

s 

L n %  
E -  o o ,  
' C Y  
Y 

- 
&a 
E 
0 

4J 
't 

c 

P 
0 u 
c - a x 

- 

La 
t 
0 

u 
U 
E 
0 
0 
L 
al 
h Q 
-I 

Y 
V 
0 
I 
v) 

c 

c 

- 

Y Q  
U -  o m v )  
C E O  

U 
alb 0) 
N b  U 
- - O E  z -u m a  m E U \  

o w n  
€32 E" 
z 

o u  
Q U  w 
c 
0 
0 

d 

c 

. . . . . . . . . . . . .  ddddd dddc;d d d d d  ddddd 44444 dd44N (UN 

0- 3 



h 
0 
0 m 
W 
r Y 

V c 
0 
L 
a 

g 
c 
LL 

U 
c aJ 
e 
a n 
a 
L 

I- 
U 
W 
e 
n a 
0 
V 

h 

a 
e 
c 

LL 

n 

n 
W 

9 
I- 

c 

- 

V 
W 
VI 

2 
0 
v) 

II 

W 
E 
I- 
.C 

2 
Y 
c 
W 

L 
0 + 
VI 
c 
0 
Y 

0 
v, 
W 
-I 
VI 
U 
p: 

.I- 

a 
c 

m 

U Q  .- I u V I 0  

V Y X  
62" 

cn c 
0 

U 

V 
E 
0 
V 

.I- 

.I- 

c 
e 
9 = 

VI 
c 
0 
U 

V 
C 
0 
V 

L 
W 

2 

Y 
V 
0 
I 
v, 

.I- 

.I- 

3 

W 
Y 
9 

N 
p: 

CnE e- 
*I- 3 
U T  
9 
W 
I 

al 
L 
3 
U Y  a 
L .  
a l 3  

I- 0' 

W 
L 
a 
Y Y  
9 
L -  
W v )  
nc 
5 
I- 

W > 
U 
u v  
W E T  w 
c 
0 
V 

.r 

m m m m m  m m m m m  m m m m m  m m m m m  m m m m m  m ~ m m m  m m  

00000 00000 00000 00000 00000 00000 00 
00000 00000 00000 00000 00000 00000 00 
m m c u c r o  . . . I .  a???".", 4'94?"? 54594 55449 5353'1- =--- 

00000 00000 00000 00000 00000 00000 00 

D-4 



0)  
L 

U Y  
I 
L. 

a 

c i+= v) 
E 
0 
U 

o c 
0 u 

- - 
c 
c 
I 
I 

- 

v) 
f 
0 

Y 

o c: 
0 

L a  
L a 

2 
% 
V 
0 c 
v) 

c 

7 

3 

al 
U 
I a 
m% 

SP 
c- 

I a 
I 

a 
I n -  

0 %  
t o ,  V- o m  m = e *  

m m m m m  m m m m m  m m m m  m m m m m  m m m m m  m m m m m  m m m  
1 1 1 1 I  I I I I I  I l l 1 1  I I I I I  I l I l 1  I 1 1  

W D I O O O Q  ODCUWOQ) &&&A oaooo 00000 00000 000 
????? ????? ???vi "10.444 4 4 4 4 4  4 5 4 4 4  s 4 4  
r - h m e e  W - I ~ O D ~  4 m - a  uha~ua W W ~ W D I O  W ~ W W I D  m a 1 0  

m m m m m  m m m m n  m m m m  m m m m m  m m m m m  m m m m m  m m m  
h o 
0 m 
a 
c Y 

0 
E 
0 
L 
U 
1 
0 

LL 

Y c a 

a 

- 
c 
a n 
a 
L 

I- 
o a 

3 
0 u * 
a 

c 
n 

c 
c 

LL 

V 

a 

I 
I- 

c 
a 

- 

0 

V a 
In 

4 

W 

e 

I 

2 
c 
I- 

U 
t w 
L 
0 
'c 

In 
E 
0 

Y s 
0 
v) 

w 
2 
v) 

.C 

c 

s 

m m m m  bn + 
DIO m 
4 
0 

+ + + +  
- = D I D I D  m m m m  
4 4 4 4  
m m m m  mmmm mmm 

a 
L 
3 
Y Y  
I 
L -  
a m  gI- 
I- 

00000 0 0 0 0 0  A 0 0 0  00000 00000 00000 000 

%! 
c 
U 
v u  
a u  > 
c 
0 u 

e 

e a > 
U 

- 0  o 

- 
- a  
a a 

* 

e 
D-5 



h U 
0 
m 
W 
C 
C, 

V 
E 
0 
L 
U 

1 
0 

LL 

C, c 
W 

a 

c 

c 
a n 
a 
L 
I- 
-0 
W 
c 
n a 
0 
V 

h 

a 
- 
7 

Y 

V 

W 

a 
9 
I- 

F 

- 

U 

% 

9 

P 
? 

0 

m 
In 

W 

fC 

I- 

C, 
E 

W 

L 
0 
b 
VI 
E 
0 
C, 

0 
v) 

W 
2 
v, 
U 
CL 

.P 

a 
c 

m 
E u r -  

E m  
o x  

W 
L 
W 
C 

VI 
n 

0 
C, 

m z  
W C L  W 
C L  

I V I W  - 3 C  

o w  VI 
L O  c u i  

+ V I  
L o w  
O L U  

0.1- n 
u m  

0 W ?  

- 

ur 
E 
0 
C, 

o 
E 
0 
V 

.I- 

.P 

- 
c 
4 
I 

- 

VI 
c 
0 
Y 

U 
E 
0 
V 

L 
W 

.C 

.r 

a 
Y 
U 
0 
C 
v) 

- 

W 
U 

CL 
m E  

m 

m 
N 

E- 
5% 
W 
I 

0)  
L 
@ Y  
L -  

a 
a 

t !#I-= 

W 
L 
@ Y  

L -  
W v )  

a 
m 

nt 
t c 

0 
W +  W 
NQ- U 
'I-OE z 
4 E@- 
L u ' r  E 
2 

- w  m a  
E ~ V I  v) 

o m n  

W > 
.I- 

C, 
u v  
W C T  > 
E 
0 
V 

W w 
C, 

- u  
V 

e 

w- 

a a  

a 

****e m m m m m  m m m m m  m m m m m  m m m m m  mr6mmm m m  



h 
0 
0 
m 
0)  

s U 

0 
E 
3 
0 
L 
U 
1 
0 

Y, 

Y 
E 
01 

c 

c 
a n 
a L c 
U 
W 
c 
a a 
0 u 
h - - 
a 
Y, 

W 

W 

0 
I- 

c 
n 

U 
W 
ul 

4 

9 m 
8 

z 
2 
- 
t 

c, 
E 
W 

L 
0 
y. 

ul 
E 
0 
U 

0 
v) 

W 
2 " 

c 

a 
c 

i 

W 
L 
W x 
ul 
a 

E" 
'oEg e 

- N 0  
W v)L: 
v m u l  E+ 
2 4 0  

U 'oz 
W e  W 
x L  
I u l W  - 3x 
0 0  ul u'o 
L O  E m  

Yul  
L 0 9  
OLO 

0 -  a 

0 W ?  

ul 
E 
0 
U 

O 

W 

c - 
s 
c 
.- 
Q 
1: 

ul 
E 
0 

0 

0 
E 
0 u 
L 
W * 'o 
2 

Y 
V 
0 
L: 
v) 

- - 

al 
L = 
U *  
Q 

c t-; 

00000 0 0 0 0 0  00000 00000 00000 00000 00 

0-7 



ul 
E 
0 
U 

U c 
0 u 

.- - 
c 
7 

4 
S 

VI 
E 
0 
U 

U c 
0 
V 

L 
0, 

-I 

Y 
U 
0 
I 
v, 

.C 

.C 

3 

m 
E 

u l -  
e 0 1  o *  5-01 m 

L C O  .r 

2 E  
U.  
*I- 01 
V I Y  c 
W -  n a  

h 
U 
0 m 
W 
I 
U 

'0 
K a 
0 
L 
U 
3 
0 

IL 

U 
c 
aJ 

- 
- 
a n 
a L 
I- 

O aJ 
c 
n a 
0 
V 

h 

a 
c 
I- 

Y 

Y- 

aI 

4 
I- 

c 
n 

U 
0, ul 

m 
rc, v) 

II 

8 

2 

.C 

I- 

U 
E 
W 

L 
0 

v- 
VI 
E 
0 
Y 

0 rn 
W 
2 
v) 
U 
& 

.C 

a 
7 

~ u , u , u , u ,  + + + + +  
0 0 0 0 -  OIOImmm 
'4'4'4'4'4 

u , u , u , u , L n  + + + + +  0 0 u u u  m m m m m  
'4'4'4'4'4 . . . . .  

au,v)u,u, u,u,u,u,u, u,u,u,u,u, 

2 
a 
U S  
5 
L -  
a m  nc 
5 
I- 

-0 aJ& aJ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
00000 00000 00000 00000 00000 00000 00 

0)  > 
U 
v u  
aJv w 
C 
0 
V 

.r 

D- 8 



0 

0 

h 
U 
0 
m 
0, 
I c, 

0 
E 
J 
0 
L 

c 
La. 

c, 
E 
W c 
a n 
L 
J 
t 
0 
W 
c 
n a 
0 
V 

h 

a 
c 
c 

L L  

rn 
W 

a 
t 

- 
n 

W 
L 
W 
I 

(I, 
n 

8 

ul 
E 
0 

c, 
c - 
2 
0 u 
c 
c 

- 

ul 
E 
0 
0 

U 
E 
0 
V 

L 
W 

- 
c 

3 
-Y 
V 
0 
I 
v) 

- 

2% e- 
(I,* 
E w -  

- -m 

o o  

t 

00000 00000 00000 00000 00000 00000 000 

D-9 


